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Process for producing crystalline microballoons. 

Description of EP0601594 

The present invention relates to a process for producing crystalline microballoons and new crystalline 
microballoons produced thereby. 

Heretofore, as microballoons (microbubbles or hollow microspheres)made of an inorganic material, 
vitreous fine hollow bodies so-called glass microballoons or microballoons made of e.g alumina or 
z SS. have been known. Further, resinous fine hollow bodies so-called plastic microballoons have been 
known These microballoons are widely used as fillers in solid materials such as resins for weight 
redSon or heat insulation for transporting equipments, building materials, paints or refractor.es to meet 
various demands of the age. 

For production of glass microballoons, a method is known which comprises heat-melting glass ; at a high 
temperature and blowing it off in the form of particles while foaming , it with a blowing agent o form 
microballoons (U.S. Pat No. 3,365,315, No. 4,391,646, No. 4,767,726 and No. 5,064,784). Likew.se, 
plastic balloons are produced by a method of heating, melting and foaming. 

In these methods, it is necessary to heat-melt the material for microballoons ^■J^f^jV^ 
material for microballoons has been limited to the glass which can be easily melted at a commercially 
pwSSnpeawe, for example, at a temperature of not higher than 1500 DEG C. Thus the ^material for 
glass microballoons has been limited to the one having a melting point which is not so high, such as soda- 
lime glass or soda borosilicate glass. 

Further in such a conventional method for glass microballoons. microballoons are produced by such an 
operation that molten glass is blown off in the form of particles while being foamed, ^ f ™ n ^ n ? d _^!; ii 
whereby the average particle size of the resulting microballoons is usually as large as from 50 to 5000 mu 
m, and it has been difficult to obtain balloons having a very small average particle size. 

For production of ceramic microballoons, a method similar to that of producing glass microballoons is 
known In these methods, it is necessary to heat-melt the material for microballoons. Thus, an alkali 
component is added to the materials in order to decrease the melting temperature. 

Furthermore, in the conventional method involving heating and melting of the material, the apparatus Is 
necessarily large-sized and expensive, and such a method is not suitable for producing a small quantity or 
various types of microballoons. 

It is an object of the present invention to provide a novel process for producing crystalline microballoons, 
whereby a room for selection of the material for crystalline microballoons is wide, it is possible to readily 
obtain microballoons made of a material which has never been used before in a conventional material with 
an extremely small average particle size, and the apparatus may be small-sized and inexpensive. 

Thus the present invention provides a process for producing crystalline microballoons, which comprises 
atomizing a solution or dispersion having an inorganic material or its precursor dissolved or dispersed in a 
liquid medium, to form droplets of the solution or dispersion, supplying the droplets into a high temperature 
atmosphere adjusted so that the liquid medium would rapidly evaporate and the inorganic material or its 
precursor would fuse or preferably sinter to form microballoons of the inorganic material, and recovering 
the microballoons thereby formed. 

In the accompanying drawings; 

Figure 1 is a schematic view illustrating an embodiment of the apparatus useful for carrying out the 
process of the present invention. . 
Figure 2 is an electron microscopic photograph showing the structures of crystalline microballoons 
obtained in Example 3.1. 

Now, the present invention will be described in detail with reference to the preferred embodiments. 
htlp://v3.espacenetxom/textdes?DB=EPODOC&roX=EP0601594&F=0&QPN=EP060L 10/18/2006 
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ThA innmanir material to be dissolved or dispersed in a liquid medium in the process of the present 

LTde a nS such as silicon nitride, aluminum nitride, titanium nitride, zirconium nitnde or bo on nrtnde 
a carbide such as silicon carbide, titanium carbide or boron carbide, a metal such as copper, alum.num or 
lead, or carbon. 

When a precursor which forms an inorganic material for crystalline microballoons »J^^ jn 
condition^ preparation of the microballoons of the present inventor us used as dissolve,^ 0 m £ e ersed !n 
a liquid medium, one precursor may be used, or a plurality of ^^^S^^S^^S' 

DEG C, is preferred. 

The concentration in the solution or the dispersed concentration and Pf^^^SSSSlSSS 
inorganic material or its precursor affect the particle size, specific On^rtmngttv ^ 
thereby produced. The concentration of the solution or dispersion is preferably from 0.1 to 80 wt K, more 
preferably from 1 to 10 wt%. 

On the other hand the particle size of the inorganic material or its precursor in the dispersion is Preferably 
2m?£ innn nm more oreferablv from 1 to 100 nm. The concentration is preferably from 0.1 to 50 wt%, 
™e pre^ * P^erably a uniform dispersion. Otherwise, A may be 

SmTed ?nto a uniS, coLdal solution by emulsifying it using a suitable emuls.fier, as the case requires. 

The oarticle size specific gravity, strength, etc. of the resulting crystalline microballoons can be controlled 
hJ?nrnmor a fina a ^utebte SdS« to the above solution or dispersion, as the case requires. Such an 
a^S^Sm^S ^ amount of from 0.1 to 1 0 wt% based on the material for microballoons. As 
sS an iSl a^almay be used which has a melting point lower than the melting poin t of the 
material 

microballoons. For example, when alumina microballoons are o be P™P are6 -™™' ?"„f '„n inn T " 
or various types of clay having a melting point lower than alumina and being capable of controlling the 
growth of alumina crystals, may, for example, be used. 

in the process of the present invention, the above solution or dispersion is firstly atomized into the 
Sopfets Se atomizing method is not particularly limited. However, J«™22^^^ e ^ of 
supersonic method, a spray method or a rotary method may preferably be |emp^ec '■ JJ» PaJ«« 8 ™ of 
the droplets affects the particle size of the microballoons to be produced. The average particle size is 
pSSS^wnW to 1000 mu m, more preferably from 10 to 1 00 mu m, although it depends also on the 
types of the inorganic material and the liquid medium. 

The droolets are then supplied into a high temperature atmosphere. Here, the temperature and the 
I^hS« wSJeTni temperature is required to be within a temperature range wherein the 
. £d Sm used will rapidly evaporate, and the inorganic material or its P/™~™^ J fuse to 
form crystalline microballoons of the inorganic material. The temperature ^ r j^^^" 
preferably at least three times, more preferably from 5 to 20 times, higher than the boiling poin t of the 
Cd medium, as represented by centigrade ( DEG C). Wher i water is used as the liquid medium, the 
temperature for rapid evaporation is preferably from 300 to 2200 DEG C. 

In the process of the present invention, if the material is heated beyond its melting point, ad>cent 
linswSse to oneanother and abnormally grow, whereby the strength o the , resuKin ™"*?™? 
K be low Accordingly, the high temperature atmosphere is preferably at a temperature not higher than 
The melting p^S S materill for microballoons, more preferably lower by about 100 DEG C, particularly 
by about 200 DEG C, than the melting point of the inorganic material. 

The high temperature atmosphere may be set up in a single step sys iS 
maintained uniformly throughout the operation, or in a two step system wherein the temperature is 
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changed from a temperature range of a first step wherein the liquid medium will rapidly^ f^ate to a 
temSure range of a second step wherein the inorganic material or its precursor w.H fuse or melt to form 
mSaSoons or may be set up in a multistep system of more than two steps. For example, in a case 
ySSft^^&JL** the inofganic material is 

may be adjusted so that the temperature in the vicinity of the mlet is preferably from 500 to 1 000 D tb o 
and the temperature In the vicinity of the outlet is preferably from 1000 to 1800 DEG C. 

It is a characteristic of the present invention that the inorganic material for crystalline ^robalioons is not 
nirpoqari v heated to its melting point, so long as it is heated to a sintenng temperature to obtain 
Salens ^JSSffeSi^' is now possible to produce ^J*™?^ 
even from a material which used to be difficult to heat-melt. Further, it is possible to produce crystalline 
miSrobToonTS a material which contains no alkali component or a very small amount of an 

alkali component, which used to be difficult to melt. 

The atmosphere for constituting the high temperature atmosphere is preferably an h atm ° s P^ n s p uitable for 
^e inorqanic material and the liquid medium to be used. For example, in a case where crystalline 
mfcrtX^^of a metal oxide are to be produced, an oxygen-containing atmosphere >mrt .as 
Sate air is selected for use. Likewise, in the case of a metal nitride, a nitrogen gas Sphere us 
selected and in the case of a metal, a reducing atmosphere such as hydrogen gas is selected. In the case 
where microbaHoons are produced from a precursor of an inorganic material by means of a reaction in the 
iSfSiS^Smip^ producing microballoons of the present invention, an atmosphere suitable 
for such a reaction is employed. 

Spraying of the droplets into the high temperature atmosphere may be carried out b> 'various ^ mear^The 
high temperature aSnosphere may be formed in e.g. a tubular furnace or a flu.dized bed furnace Preferred 
soecmc means for spraying droplets include, for example, a supersonic atomizer, a spray atomizer and a 
oCdis7aTrnize' P and tSe droplets are sprayed by such an a tom * e ^ 3 " near 

speed of the droplets being preferably at least 0.01 m/sec, more preferably from 0.1 to 10 m/sec. 

The droplets are maintained in the above high temperature atmosphere usually from 10 seconds to 30 
minutes although the retention varies depending upon the type of the inorganic material, whereby 
Shalloons will be formed, in some cases, accompanied by the above mentioned reaction^ The formed 
crystalline microballoons will be collected in such a manner that, for example, in the case of a ubuter 
furnace microballoons discharged from the tubular furnace are collected by means by a bag filter or a 
^SS^SS^^^. The collected crystalline microballoons may have various average particie 
sizes depending upon the sizes of the droplets. 

As an apparatus to be used for carrying out the process of the present invention an apparatus having the 
Sn as shown in Figure 1, may, for example, be employed. In ^^^•^^"1™' 
1 is atomized bv an atomizer 2 to form fine droplets, which are then supplied to a tubular furnace 3. The 
tubuSTumacecomp Ssa reaction tube 4 and a heater 5. The atmosphere is heated tea predeterm.ned 
^en£?? L heater 5. The droplets will be transported in the reaction tube 4 towards the . ngM hand 
side in Fiaure 1 bv a gas stream created by a volume expansion accompanied by evaporation of the hquid 
mediulTo^ a transporting gas may separately be ^od^ 

the reaction tube may be recovered by various methods. In Figure 1, microballoons are introduced through 
S^u5S?3,?heatar to prevent condensation into a recovery filter 7 and recovered therein. For 
the recovery filter, a suction apparatus 8 may be employed to increase the recovery efficiency. 

According to the process of the present invention, it is possible to obtain spherical crystalline 
Sblloons having an average particle size of from 0.1 to 300 mu m. If- desired substantially perfec ly 
Spherical microballoons having an average particle size of from 0.1 to 100 mu m Especially it is port* 
to obtain fine microballoons with an average particle size of no more than 50 mu m, £een 
difficult to obtain heretofore. For example, it is possible to obtain microballoons with a i average particle 
size of from 1 to 20 mu m, particularly from 1 to 10 mu m. The wall thickness of the m^toons can be 
controlled by adjusting e.g. the concentration or particle size of atomized I droplete or foe .heating 
conditions.lt is possible to obtain microballoons having a bulk density of from 0.01 to 2.0 g/cm<3> 
although the bulk density may vary depending upon the material. Further, since the rnicrobanoons 
produced by the present invention have a crystalline structure, preferably a Pdy^ ,,,n ? h aQ at 

structure and have substantially perfectly spherical shapes, the pressure collapse strength i s as rugh as at 
least 1000 kg/cm<2>, especially at least 1500 kg/cm<2>. Further, the flowab.hty is excellen , and when the 
microballoons are mixed with a resin or the like, they are free from breakage dunng the mixing, and the 
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surface smoothness of the resulting molded product of the resin will be excellent. 

The alkali content of the microballoons obtainable by the present invention can be controlled within a wide 

^e lf neceVsar? it is possible to obtain crystalline microballoons having a very low a kali content as 

Squired.The alkali content in crystalline microballoons is preferably not h.gherthan 0.1 wt/o, more 
preferably not higher than 0.01 wt%. 

Accordina to the process of the present invention, it is possible to produce crystalline microballoons of 
v^rfous metal oX For example, it is possible to produce crystalline microballoons made of an ox.de of 
a fransiton metal such as scandium, titanium, vanadium, chromium manganese, .ror^ cobaK nickel, 
Looer zinc yttrium zirconium, niobium, molybdenum, ruthenium, rhodium, palladium tantalum 

SS! are SS Sy themsilves. such as oxides of Group 1A elements, may preferably be used as 
chemically reacted with suitable other components. 

Cn/stalline microballoons made of a double oxide may likewise be produced. Specific examples of such a 

ArmrHinn to the orocess of the present invention, the material for crystalline microballoons is not limited to 
an^e'and^ 

rarbTde which have > not been obtained heretofore. As the nitride, aluminum ni ride ^AIN; wurtzite structure 
S52^S!l,Mifcon nitride (Si3N4; hexagonal ^S^^^SSiSS^ 
or boron nitride (BN; hexagonal system may, for examp e, be preferred As the carbide ™" Jaaonal 
(SiC; diamond structure), zirconium carbide (ZrC; isometric system) or tungsten carb.de (WC, hexagonal 
system) may, for example, be preferred. 

Likewise it is possible to produce crystalline microballoons made of a metal. The metal is not particularly 

compound, or as a mixture of two or more of them The metal « p eferably the one w'^W 
to form a compound such as an oxide. For example, a noble meta such as ; gold si Iver copper or 
platinum, or lead, is preferred. The metal may be dispersed as a simple sub ^nce in ^e drop ets or a 
metal may be formed by a reaction at a high temperature. It is also poss.ble to produce crystalline 
microballoons of a simple substance such as graphite. 

The mechanism for formation of crystalline microballoons in ^.^^^^J^SSS^a 
but is considered to be as follows. When the solution or dispersion of a matenal is atomized ana suppuea 
htt! SS o droplets into the high temperature atmosphere, the liquid medium will rapidly evapora e at 
L surface of the droplets. As a result, in the case of the solution, the material dissolved in the medium 
2 SoLte under super saturated condition along the interface of droplets in spherical forms 
«mS££5 to the Sapefonhe droplets. Likewise, in the case of the dispersion, the matenal dispersed 
™the medium will aggregate along the interface of the droplets in spherical forms corresponding to the 
shapes of the droplets. 

The liquid medium remaining in the interior of droplets will ^^S^Sv^^^SSS * 
orecioitates precipitated in spherical forms into the atmosphere, and at the same time, me mate™ 
dSed or dSpe sed in the interior of the droplets will move in the centrifugal <«|^. d ° n 8JS!^ 
evaporation a the Hquid medium and will precipitate around the above mentioned spherical precipitates, 
nSCpSdSffi wS grow and density and the interior of the spherical forms will be hollow. 

http : //v3.espacenet.^^ 10/18/2006 
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In the case where a precursor of an inorganic material is used, the desired inorganic material will be 
formed during the process of precipitation or aggregation, in some cases by a reaction with the 
£X^F* enmp* in the case of an oxygen-containing atmosphere, it may react w.th oxygen to 
STffSto%ien. the precipitated material or the aggregated material is iMorb^ at a h,gh 
temperature and further densified to finally form hollow microballoons having h.gh strength. 

Now, the present invention will be described in further detail with reference to Examples However it 
should be understood that the present invention is by no means restricted to such specific Examples. 

Using various solutions or dispersions, microballoons were prepared by an apparatus as ; shown iln Figure 
1 InSpparatus, the solution or dispersion was atomized by a supersonic *°™™£*^ m 2MHz > 
into drootets which were then introduced into a tubular furnace (length of the heating zone, w cm, 
S2tS 9 ^0 SJSd microballoons were collected by a bug filter (a glass cloth coated w,th a fluonne 
SSf ? soEe Examptes a two step tubular furnace comprising two tubular furnaces o the same type 
S^SS^^U*. The size of droplets and the temperature of the tubular furnace were 
suitably adjusted. The analysis of microballoons obtained in each Example was carried out by the 
following methods. 

Shape: Microballoons were mixed with an epoxy resin and cured, the cured resin was cut and the cut 
surface was polished to expose the cross sections of the microballoons. Then gol d was ^vapor-deposited 
toereon, and the shapes were inspected by a scanning electron microscope JSM-T300 model, 
manufacture by Nippon Denshi K.K. 

Average particle size: Microballoons were fixed on an adhesive tape. Ther ^ gold was ^*^sted 
Sn, followed by observation by a scanning electron microscope JSM-T300 model manufactured by 
Nippon Denshi K.K , whereupon the average particle size (diameter) was calculated by the image 
analysis. 

Crystal phase: Microballoons were pulverized for 30 minutes in an agate mortan and the crystal phase 
was identified by an X-ray diffraction apparatus (Gaigaflex, trade name) manufactured by Kabushiki 
Kaisha Rigaku. 

Bulk density The bulk density was measured as a tap density of microballoons by a vibration type specific 
gravity measu^ manufactured by Kuramochi Kagakukiki Seisakusho (measuring 

conditions: 1/3 Hz, up-down of 30 mm: 700 times). 

True specific gravity: The true specific gravity was measured by a gas-substitution method using an argon 
gas by means of a microvolume picnometer manufactured by SWmadzu Corporation. Here the ^true 
specific gravity is the one obtained by dividing the mass of microballoons by the volume including the 
space portions. 

Pressure collapse strength: The pressure at the time when 10% of microb alIoons ,£ e ^ 
hydraulic pressure, was obtained by a hydraulic pressure resistance tester, manufactured by Nichion 
Irikakikai Seisakusho. 

Alkali elution degree: A sample was put in pure water so that it constituted 10 wt% and left to stand at 60 
DEG C fo 24 hours whereupon the amount of alkali metal elements eluted into pure water was measured 
by Tan Jem^a^Ssby a plasma emission spectrochemical analyzer ICPS-1000 model manufactured 
by Shimadzu Corporation. The detection limit of alkali metals was 0.1 ppm. 



A dispersion having 10 wt% of manganese oxide particles having a particle size of 2 nm d spersed in 
water, was prepared. This dispersion was atomized at a flow rate of 1 ml/mm to form droplets having an 
average particle size of 30 mu m, which were introduced into a tubular furnace where ' n , at ^° s P he ^ 
was maintained at 1600 DEG C. The obtained microballoons were ^spherical P^S^ J^^ 
oxide (tetragonal system Mn02) having an average particle size of .5 nm a No 
g/cm<3>, a true specific gravity of 0.50 g/cm<3> and a pressure collapse strength of 1430 kg/cm<2>. No 
alkali elution was observed. 

http://v3.espacenet.corr^^ 10/18/2 
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EXAMPLES 1.2 TO 1.12 

Usinq the dispersions as identified in Table 1 as starting materials, microbalioons were prepared in the 

SmannSas in Example 1.1 except that the temperature of the tubular furnace was as « 

^The evaluation results are shown in Table 2. In each case, the microbalioons were sphencal 

polycrystals, and no alkali elution was observed. 

<tb><TABLE> ld=Table 1 Cotumns=5 

<tb>Head Col 1: Example No. 

<tb>Head Col 2: Dispersed particles 

<tb>Head Col 3: Average particle size (nm) 

<tb>Head Col 4: Concentration (wt%) 

<tb>Head Col 5:Temp. ( DEG C) _ ^ CD ^ AM 

<tb><SEP>1 .2<SEP>Zinc oxide<SEP>3<SEP>10<SEP>1400 

<tb><SEP>1.3<SEP>lron oxide<SEP>6<SEP>10<SEP>1400 .^pp>,« 4 fp>10<«3EP>1600 

<tb><SEP>1 4<SEP>Zirconium oxide (containing 5 mol % of yttrium oxide)<SEP>3<SEP>10<SEP>1600 

<tb><SEP>1 .5<SEP>Tungsten oxide<SEP>3<SEP>10<SEP>1300 

<tb><SEP>1 .6<SEP>Chromium oxide<SEP>4<SEP>5<SEP>1750 

<tb><SEP>1 .7<SEP>Ruthenium oxide<SEP>3<SEP>10<SEP>1400 

<tb><SEP>1.8<SEP>Cobaltoxide<SEP>3<SEP>10<SEP>1600 

<tb><SEP>1.9<SEP>Yttrium oxide<SEP>3<SEP>10<SEP>1800 

<tb><SEP>1 .10<SEP>Lanthanum oxide<SEP>3<SEP>10<SEP>1800 

<tb><SEP>1.1KSEP>Cerium oxide<SEP>3<SEP>10<SEP>1800 

<tb><SEP>1.12<SEP>Molybdenum oxide<SEP>3<SEP>10<SEP>750 

<tb></TABLE> EMI20.1 

EXAMPLE 2.1 

Titanium tetrachloride was diluted with pure water to obtain a solution containing 5 wt% of TCI4 Thte 
ISion was atomized at a flow rate of 0.6 ml/min to form droplets having an «W 
mu m, which were introduced into a tubular furnace where.n atmosphenc air was ™ mta ™* a "™^ G 
C The obtained microbalioons were spherical polycrystals of titanium ox.de (rut,!e type Ti02) having an 
average particle size of 1 .6 mu m, a bulk density of 0.019 g/cm<3> and a true specfic gravity of 0.22 
g/cm<3>. No alkali elution was observed. 

EXAMPLES 2.2 TO 2.6 

Using the solutions as identified in Table 3 as starting materials, microbalioons were prepared in the same 

manne/as in Example 2.1 except that the temperature of the tubular furnace was as shown n Table 3 

The evaluation results are shown in Table 4. In each case, the microbalioons were sphencal polycrystals, 

and no alkali elution was observed. 

<tb><TABLE> ld=Table 3 Columns=4 

<tb>Head Col 1: Example No. 

<tb>Head Col 2: Solute 

<tb>Head Col 3: Concentration (wt%) 

<tb>Head Col 4: Temp. ( DEG C) 

<tb><SEP>2.2<SEP>MnCI2<SEP>5<SEP>1600 

<tt»<SEP>2.3<SEP>NiCI2<SEP>5<SEP>1650 

<tb><SEP>2.4<SEP>NbCl3<SEP>KSEP>1 500 

<tb><SEP>2.5<SEP>TaCI2<SEP>KSEP>1 700 

<tb><SEP>2.6<SEP>CuSO4<SEP>KSEP>1200 

<tbx/TABLE> 

<tb><TABLE> Id=TabIe 4 Columns=5 
<tb>Head Col 1: Example No. 
<tb>Head Col 2: Crystal phase 
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<tb>Head Col 3: Average Size ( mu m) 
<tb>Head Col 4:Bulk density (g/cm<3>) 



<tb>Head Col 5: True specific gravity (g/cm<3>) , nw ^p P>n oq 

<tb><SEP>2.2<SEP>Tetragonal system Mn02<SEP>2 7<SEP^ 
<tb><SEP>2.3<SEP>Trigonal system NK«EPg^P>0J2»«^39 
<tb><SEP>2.4<SEP>Monoclinic cubic system Nb 2p5<SEP>2.7<SEP>0 ,020<SEP>0.37 
<tb><SEP>2.5<SEP>Tetragonal system ^«H^.g1^>057 
<tb><SEP>2.6<SEP>Cu20-CuO mixture<SEP>3.6<SEP>0.031 <SEP>0.4^ 
<tb></TABLE> 



EXAMPLE 2.7 



An aqueous solution containing 1 wt% of rhodium chloride (RhCI3) was prepared. JJ^'^" 
TJrt?Z I at a flow rate of 0 6 ml/min to form droplets having an average particle size of 30 mu m, which 

specific gravity of 0.54 g/cm<3>. No alkali elution was observed. 



EXAMPLE 3.1 



A colloidal solution having 1 0 wt% of aluminum oxide particles having a part cle n» of m d spersed 
Serein was prepared. This colloidal solution was atomized at a flow rate of 1 ml/mm to form droplets 
hav£ an ale age particle size of 90 mu m, which were introduced into a tubular furnace where n 
atmosDherK kill mSained at 1500 DEG C. The resulting microballoons were spherical polyopia s 
3££> having structures as shown in the electro microscope photograph of Figure 
2 n photograph, the total length of the horizontal line at the bottom corresponds to 5 mum-Thj 
ohotaaraoh shows a region wherein fractured microballoons exist. Further, the microballoons had an 
tlSlS^i^SSS mu m and a true specific gravity of 0.33 g/cm<3>, and no alkali elution was 



observed 
EXAMPLE 3.2 



Metal aluminum having an average particle size of 10 mu m was dissolved in 50 wt% nitric acid to obtain a 
2 wt% S3 aqueous sdution. This solution was atomized at a flow rate of 0.6 ml/min to form droplets 
hav raTave age plrticle size of 90 mu m, which were introduced into a tubular furnace wherein 
Sp^o7LL^iaine6 at 1600 DEG C. The resulting ™[ oba ^^^ P °' yCryStaIS 
o corundum. No alkali elution was observed. The evaluation results are shown in Table 5. 



EXAMPLE 3.3 



A 5 wt% AIC13 aqueous solution was atomized at a flow rate of 1 ml/min to form droplets having an 
average particle size of 88 mu m, which were introduced into a tubular furnace where n atmosphenc air 
SEed at 1 500 DEG C. The obtained microballoons were spherical polycrystals of corundum. No 
alkali elution was observed. The evaluation results are shown in Table 5. 



A colloidal solution having 10 wt% of silicon dioxide particles having a particle size of 5 nm dispersed in 
water°was pre^red colloidal solution was atomized at a flow rate of 0.6 ml/min to form droplets 

http://v3.espacenet.co^^ 10/18/ 
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havina an average particle size of 1 1 0 mu m, which were introduced into a tubular furnace wherein 
23I£2r^rnfe^ at 1000 DEG C. The obtained microballoons were spheral polycrystals 
of alpha -quartz. No alkali elution was observed. The evaluation results are shown in Table 5. 

EXAMPLE 3.5 

A colloidal solution having 10 wt% of silicon dioxide powder having a particle size of 6 nm dispersed in 

water, was prepared. This colloidal solution was atomized at a flow rate of ^1 i mlAwi to form drop ets 

having an average particle size of 90 mu m, which were introduced into a tubular furnace where n 

^Sn^SL maintained at 1500 DEG C. The obtained microballoons were spherical polycrystals 

of cristobatite. No alkali elution was observed.The evaluation results are shown in Table 5. 

<tb><TABLE> ld=Table 5 Columns=5 

<tt»Head Col 1: Example No. 

<tb>Head Col 2: Average size ( mu m) 

<tb>Head Col 3: Bulk density (g/cm<3>) 

<tb>Head Col 4: True specific gravity (g/cm<3>) 

<tb>Head Col 5: Pressure collapse strength {kg/cm<2>) 

<tb><SEP>3.2<SEP>6.3<SEP>0.034<SEP>0.34<SEP>2000 

<tb><SEP>3.3<SEP>3.2<SEP>0.036<SEP>0.38<SEP>2100 

<tt»<SEP>3.4<SEP>6.3<SEP>0.030<SEP>0.4KSEP>1660 

<tb><SEP>3.5<SEP>2.5<SEP>0.033<SEP>0.46<SEP>1560 

<tb></TABLE> 



A colloidal solution having 10 wt% of tin oxide powder having a particle size of 3 nm disperse in water, 
was prepared. This colloidal solution was atomized at a flow rate of 1 ml/mm to form droplets having an 
average particle size of 30 mu m which were introduced into a tubular furnace wherein atmospheric air 
was maintained at 1200 DEG C. The obtained microballoons were spherical polycrystals of tin oxide (ruble 
type having an average particle size of 1 .6 mu m. a bulk density of 0.020 g cm<3> a true specific 
gravity of 0.46 g/cm<3> and a pressure collapse strength of 1330 kg/cm<2>. No alkal, elution was 
observed. 

EXAMPLE 4.2 to 4.7 

Usinq the dispersions as identified in Table 6 as starting materials, microballoons were prepared in the 

same manner in Example 4.1 except that the temperature of the tubular furnace was as shown i in Table 6. 

The evaluation results are shown in Table 7. In each case, the microballoons were spherical polycrystals, 

and no alkali elution was observed. 

<tb><TABLE> ld=Table 6 Columns=5 

<tb>Head Col 1 : Example No. 

<tb>Head Col 2: Dispersed particle 

<tb>Head Col 3: Particle size (nm) 

<tb>Head Col 4: Concentration (wt%) 

<tb>Head Col 5: Temp. ( DEG C) 

<tb><SEP>4.2<SEP>Germaniumoxide<SEP>3<SEP>10<SEP>1200 

<tb><SEP>4.3<SEP>Antimonyoxide<SEP>3<SEP>10<SEP>1200 

<tb><SEP>4.4<SEP>Bismuthoxide<SEP>3<SEP>10<SEP>750 

<tb><SEP>4.5<SEP>Gallium oxide<SEP>3<SEP>10<SEP>1500 

<tb><SEP>4.6<SEP>Beryllium oxide<SEP>4<SEP>10<SEP>1900 

<tb><SEP>4.7<SEP>Magnesiumoxide<SEP>4<SEP>10<SEP>1650 

<tb></TABLE> 

<tb><TABLE> ld=Table 7 Columns=6 
<tb>Head Col 1: Example No. 
<tb>Head Col 2: Crystal phase 
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<tb>Head Col 3: Average size ( mu m) 
<tb>Head Col 4: Bulk density (g/cm<3>) 
<tb>Head Col 5: True specific gravity (g/cm<3>) 

<tt»Head Col 6:Pressure collapse strength (kg/cm<2>) co - CDs «Qn 
<tb><SEP>4 2<SEP>Tetragonal Ge02<SEP>1 .6<SEP>0.039<SEP>0.56<SEP>1590 
<S><SEP>4.3<SEP>Monoclinic system Sb205<SEP>1 .6<SEP>0.025<SEP>0.46<SEP>1230 
<tb><SEP>4 4<SEP>Tetragonal Bi2O5<SEP>1.6<SEP>0.40<SEP>0.86<SEP>1330 
S><llp4:5<siP>Monociinic cubic system Oa203<SEMJ^BM^EP>WW^3M 
<tb><SEP>4.6<SEP>Sodium-chloride type BeO<SEP>1 -6<SEP>0.21<SEP>0 M<SE^P>1760 
<tb><SEP>4J<SEP>Sodium-chioridetypeMgO<SEP>1.6<SEP>0.20<SEP>0.39<SEP>1360 

<tb><rrABLE> 



EXAMPLE 5.1 

Bismuth nitrate was diluted with pure water to obtain a solution containing 5 wt% of Bi(N03)3. This 
solution was atomized at a flow rate of 0.6 ml/min to form droplets having an average particle s'ze °f 30 
mu m, which were introduced into a tubular furnace wherein atmospheric air was maintained at 750 DEG 
C Obtained microbalioons were spherical polycrystals of bismuth ox.de (tetragonal system Bi205) having 
an average particle size of 2.6 mu m, a bulk density of 0.039 g/cm<3> and a true specific gravity of 0.69 
g/cm<3>. No alkali elution was observed. 

EXAMPLES 5.2 TO 5.7 

Using the solutions as identified in Table 8 as starting materials, microbalioons were prepared in the same 

manner as in Example 5.1 except that the temperature of the tubular furnace was as shown in Table 8. 

The evaluation results are shown in Table 9. In each case, the microbalioons were spherical polycrystals, 

and no alkali elution was observed. 

<tb><TABLE> ld=Table 8 Columns=4 

<tb>Head Col 1 : Example No. 

<tb>Head Col 2: Solute 

<tb>Head Col 3: Concentration (wt%) 

<tb>Head Col 4: Temp. ( DEG C) 

<tb><SEP>5.2<SEP>GeCI4<SEP>KSEP>1200 

<tb><SEP>5.3<SEP>SbCI3<SEP>KSEP>1200 

<tb><SEP>5.4<SEP>SnCI4<SEP>5<SEP>1200 

<tb><SEP>5.5<SEP>lnCI3<SEP>5<SEP>800 

<tb><SEP>5.6<SEP>MgCI2<SEP>5<SEP>1500 

<tb><SEP>5.7<SEP>CaCO3<SEP>KSEP>1700 

<tb></TABLE> 

<tb><TABLE> ld=Table 9 Columns=5 
<tb>Head Col 1: Example No. 
<tb>Head Col 2: Crystal phase 
<tb>Head Col 3:Average size ( mu m) 
<tb>Head Col 4: Bulk density (g/cm<3>) 
<tb>Head Col 5: True specific gravity (g/cm<3>) 

<tb><SEP>5.2<SEP>Tetragonal GeO2<SEP>2.9<SEP>0.024<SEP>0.43 
<tb><SEP>5.3<SEP>Monoclinic system Sb2O5<SEP>2.4<SEP>0.022<SEP>0.39 
<tbxSEP>5.4<SEP>RutiletypeSnO2<SEP>2.6<SEP>0.019<SEP>0.29 
<tbxSEP>5.5<SEP>TetragonaI system ln2O3<SEP>2.4<SEP>0.039<SEP>0.69 
<tbxSEP>5.6<SEP>Sodium Chloride type MgO<SEP>2.6<SEP>0.019<SEP>0.29 
<tb><SEP>5.7<SEP>Sodium chloride type CaO<SEP>2.3<SEP>0.019<SEP>0.33 
<tb></TABLE> 



http://v3.espacenet.com/textdes?DB=EPODOC&IDX=EP0601594&F==0&QPN=EP0601... 10/18/2006 



esp@cenet description view 



Page 10 of 14 



collapse strength of 2060 kg/cm<2>. No alkali elution was observed. 



EXAMPLE 6.2 TO 6.9 



10. The evaluation results are shown in Table 1 1. In each case, the microballoons were spnencai 

polycrystals, and no alkali elution was observed. 

<tb><TABLE> ld=Table 10 Columns=5 

<tb>Head Col 1: Example No. 

<tb>Head Col 2: Dispersed particles 

<tt»Head Col 3: Particle size (nm) 

<tb>Head Col 4: Concentration (wt%) 

<tb>Head Col 5:Temp. ( DEG C) pcn .... 

<tb><SEP>6.2<SEP>lronoxide<SEP>6<SEP>6.60<SEP>1400 

<tb><SEP>Zincoxide<SEP>3<SEP>3.40 ce ^ CD ^ 7 nn 
<tb><SEP>6.3<SEP>Aluminium oxide<SEP>6 <SEP>5.6KSEP>1700 
<tb><SEP>Titaniumoxide<SEP>3<SEP>4.39 „. .. m 

<tb><SEP>6.4<SEP>Titanium oxide<SEP>3 <SEP>1.72<SEP>1400 
<tb><SEP>Barium oxide<SEP>3<SEP>3.28 

<tbxSEP>6.5<SEP>Magnesium oxide<SEP>3 <SEP>1.38<SEP>1400 

<tb><SEP>Aluminiumoxide<SEP>6<SEP>3.49 

<tbxSEP>Silicon dioxide<SEP>3 <SEP>5.13 ,, 0 , ecD ^.„ nn 

<tbx S EP>6.6<SEP>Aluminiumoxide<SEP>6<SEP>7.18<SEP>1800 

<tbxSEP>Magnesiumoxide<SEP>3<SEP>2.82 ^ -o ocd 

<tb><SEP>6.7<SEP>Silicon dioxide<SEP>6 <SEP>7.18<SEP>1500 

<tbxSEP>Magnesiumoxide<SEP>3<SEP>2.82 

<tbxSEP>6.8<SEP>Zirconium oxide<SEP>4 <SEP>6.65<SEP>1400 

<tb><SEP>Silicon dioxide<SEP>3<SEP>3.35 «> cc ^™ 

<tb><SEP>6.9<SEP>Silicon dioxide<SEP>6 <SEP>4.27<SEP>1700 

<tb><SEP>Magnesium oxide<SEP>3<SEP>5.73 

<tb></TABLE> 

<tb><TABLE> ld=Table 11 Columns=6 
<tb>Head Col 1:ExampIe No. 
<tb>Head Col 2: Crystal phase 
<tb>Head Col 3: Average size ( mu m) 
<tb>Head Col 4: Bulk density (g/cm<3>) 
<tb>Head Col 5: True specific gravity (g/cm<3>) 

<tb>Head Col 6: Pressure collapse strength (kg/cm^) -^-p^nn 
*fhx^FP>fi ?<SEP>ZnFe2O4<SEP>1.8<SEP>0.022<SEP>0.46<SEP>1700 

<toxlp>63^1pSonS 

;SxIIp>6:4<Ip>t?^ 

<bxSEP>6.5<SEP>Cordierite<SEP>1.5<SEP>0.013<SEP>0.23^ 
<tbxSEP>6.6<SEP>Spinel<SEP>2.5<SEP>0.022<SEP>0.38<SEP>1760 
<to><SEP>6.7<SEP>Steatite<SEP>2.4<SEP>0.018<SEP>038<SEP>1560 
< L<SEP>6.8<SEP>Zircon<SEP>1 .5<SEP>0.023<SEP>0 D 49<S^ 
<tb><SEP>6.9<SEP>Forsterite<SEP>2.4<SEP>0.022<SEP>0.42<SEP>1560 

<tbX/TABLE> 
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Metal iron and barium oxide each having an average particle size of 10 mu m were dissolved in ,50 1 wt% 

^^eS^paride B^ of 30 mu m. which were introduced into a tubular furnace wherein 
atmospheric air was maintained at 1450 DEG C. 

EXAMPLE 7.2 

Zirconium oxychloride octahydrate and calcium carbonate were diluted with water to obtain a solution 
contaiS 4 85™% of &0CI2.8H2O and 0.25 wt% of CaC03. This solution was atoned at a flow rate 
o?0 !? m?/mti toSrm droplets having an average particle si, .e . of 30 mu m, which were introduced ,nto a 
tubular furnace wherein atmospheric air was maintained at 1600 DEG C. 

EXAMPLE 7.3 

Lead chloride and titanium tetrachloride were dissolved in pure ^^^SS^'StSSS! 
o iLh rnnrentration of 4 06 wt% and a titanium concentration of 0.94 wt% as calculated as the respective 
S/tSSSE was atomteed I at a flow rate of 0.6 mi/min to form droplets having an average particle 
E?of 30 i mu m ^ which were introduced into a tubular furnace wherein atmospheric air was maintained at 
1200 DEG C. 

EXAMPLE 7.4 

A dispersion having 4.04 wt% of aluminum oxide having a particle size of 6 nm and 4 77 wt% of silicon 
dioxide particles having a particle size of 3 nm dispersed in an aqueous solution containing 0.952 1 wt /o of 
Em hydroxide, was prepared. This dispersion was atomized at a flow rate of 1 ml/mm to form droplets 
rig an avera^ of 30 mu m, which were introduced into a tubular furnace wherein 

atmospheric air was maintained at 1200 DEG C. 

EXAMPLE 7.5 

A dispersion having 2.74 wt% of aluminum oxide particles having a particle size of 6 nm ancL 6 \M i wt% , of 
Sl? c rd?oxide parties having a particle size of 3 nm dispersed in an aquraadutan • °" 
Z% of lithium hvdroxide was prepared. This dispersion was atomized at a flow rate of 1 ml/mm to form 
Soplete haZl ^an avSgTpaLe size of 30 mum, which were introduced into a tubular furnace wherein 
atmospheric air was maintained at 1200 DEG C. 

In each of Examples 7.1 to 7.5. the obtained microballoons were spherical polycrystals, and no alkali 

elution was observed. The evaluation results thereof are shown in Table 12. 

<tb><TABLE> ld=Tab!e 12 Columns=6 

<tb>Head Col 1: Example No. 

<tb>Head Col 2: Crystal phase 

<ft»Head Col 3: Average size ( mu m) 

<tb>Head Col 4: Bulk density (g/cm<3>) 

<tb>Head Col 5: True specific gravity (g/cm<3>) 

<tb>Head Col 6: Pressure collapse strength (kg/cm<2>) ~o»4nr\ 

<L<SEP>7.1<SEP>BaO.6Fe2O3<SEP>4.3<SEP>0.024<SEP>0.34<SEP>1710 

< b><SEP>7 2<SEP>CaO stabilized ZrO2<SEP>2.6<SEP>0.019<SEP>0.29<SEP>2660 

<fe3lp>7ilp>fe^ 

<to><SEP>7 4<SEP>Eucryptite<SEP>1 .9<SEP>0.013<SEP>0.33<SEP>1560 
<tb></TABLE> 
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^Iffl^SSi comprising 98% of nitrogen and ^WS^ - * 12 °° 
DEG C. The evaluation results of the obtained microballoons are shown in Table 13. 



Microballoons were prepared in the same manner as in Example 8 1 except that the average particle size 
of the droplets was 90 mu m. The evaluation results are shown in Table 13. 



A dispersion having 0.12 wt% of aluminum oxide particles having a particle size of 3 nm and 0 36 ; wt% , of 
iSS^SS^SS^d in water, was prepared. This dispersion was * a J^^ 1 J^ n 

tn fnrm Hmnipts havina an averaqe particle size of 30 mu m, which were introduced at a flow rate or i 
miSinoato^ 

maiUtained at 2200 DEG C and a tubular furnace wherein a nitrogen atmosphere was maintained at 1200 
DEG C, connected in series. 



A dispersion having 1 wt% of silicon having an average particle size of 2 nm dispersed, was prepared L 
ThisXpersion wal atomized at a flow rate of 0.6 ml/min to form droplets having an average particle size 
3 30 ^uTwhic^ wereTntroduced into a two step tubular furnace comprising a tubular furnace wherein a 
nitroge^ atoosphere was maintained at 1500 DEG C and a tubular fumace where.n a nitrogen 
atmosphere was maintained at 1400 DEG C, connected in senes. 



An aqueous solution having 2 wt% of tantalum chloride dissolved therein, ^^^^SSST 
atomized at a flow rate of 0.6 ml/min to form droplets having an average particle s.ze 0 [™™™;™ hich 
wereTnVoduced into a two step tubular furnace comprising a tubular ^J^ejn an jnmo™ 
atmosphere was maintained at 2000 DEG C and a tubular furnace wherein ammonia an atmosphere was 
maintained at 1300 DEG C. 



A dispersion having 2.8 wt% of metal silicon having a particle size of 2 nm and 3.8 w|% of carbon powder 
dissolved in water was prepared. This dispersion was atomized at a flow rate of 1 ml/mm to form droplets 
Saving an average pJrtide size of 30 mu m, which were introduced into a two step tubular furnace 
comprising a tubular furnace wherein a carbon-installed vacuum atmosphere was maintained at 2200 
DEG iC and a tubular furnace wherein a carbon-installed vacuum atmosphere was maintained at 1 800 
DEG C, connected in series. 
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A so ufion containing i wivo otzhujmiuim muaic k'^k—--- ■ --. . tr „ .,.„ oH in) ._ _ ^ 

oTml/min to form droplets having an average particle stee of 30™m whi h 
s ep tubular furnace comprising a tubular furnace wherein a carbonHnsta ed vacuum rtnophere was 
maintained at 2200 DEG C and a tubular furnace wherein a carbon-installed vacuum atmosphere was 
maintained at 1800 DEG C, connected in series. 



A dispersion having 18.3 wt% of metal tungsten having a particle size of 4 nm and 12 wt% of carbon 



DEG C 

DEG C, connected in series. 



a riknprsion havina 1 wt% of silver powder having a particle size of 3 nm dispersed in water, was 

iSSSrSSSS^^^ at a flow rate of 1 ml/min to f T droplets havin9 a * SH 8 

Kle size of 30 mu m, which were introduced into a two step tubular furnace comprising a tubular 
furnace wherein an argon atmosphere was maintained at 950 DEG C and a tubular furnace wherein an 
argon atmosphere was maintained at 700 DEG C, connected tn series. 



A dispersion having copper sulfide having an average particle size , of ( U !rnu m ^^^^L a 
an av/praap narticle size of 0 1 mu m d spersed n pure water in a molar ratio of Cu2S/Cu->u - u.o ana ax a 
fotaTcoSSon of fvrt% was prepared. This dispersion was atomized at a flow rate of 0.6 ml/mm to 
T^^fa^a^erage p'article size of 30 mu m which were introduced into a tubular furnace 
wherein an argon atmosphere was maintained at 1 1 00 DEG C. 



EXAMPLE 8.11 



Lead hydrogencarbonate having a particle size of 3 mu m was dissolved in a 5 wt% acetic .acid sokition to 
ShTSSto oortalnlrig 1 wt% of Pb3(C03)2(OH)2. This solution was > atomized a J^*^ 
ml/min to form droplets having an average particle size of 30 mu m, which were mtr oduced ^fjuostep 
XXSrnace comprising a tubular furnace wherein a carbon monoxide atmosphere was .mamtained at 
800 DEG C and a tubular furnace wherein a carbon monoxide atmosphere was ma.nta.ned at 300 DEG C, 



800 

connected in series, 



In each of Examples 8.1 to 8.1 1 , the microballoons were spherical polycrystals, and no alkali elution was 

observed. The evaluation results thereof are shown in Table 13. 

<tb><TABLE> ld=Table 13 Columns=6 

<tb>Head Col 1: Example No. 

<tb>Head Col 2: Crystal phase 

<tt»Head Col 3: Average size ( mu m) 

<tb>Head Col 4: Bulk density (g/cm<3>) 

<tb>Head Col 5: True specific gravity (g/cm<3>) 

<fb>Head Col 6: Pressure collapse strength (kgycm<2>) 

<tb><SEP>8.KSEP>AIN<SEP>6.6<SEP>0.030<SEP>0.4 <SEP>2200 

<tb><SEP>8.2<SEP>AlN<SEP>9.3<SEP>0.034<SEP>0.5KSEP>2600 
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<tb><SEP>8.3<SEP>AiN<SEP>1.6<SEP>0.044<SEP>0.53<SEP>2090 

<tb><SEP>8.4<SEP>Si3N4<SEP>1.2<SEP>0.034<SEP>0.45<SEP>2160 

<tb><SEP>8.5<SEP>TaN<SEP>2.8<SEP>0.07KSEP>0.99<SEP>- 

<tb><SEP>8 6<SEP>SiC<SEP>1 .2<SEP>0.034<SEP>0.43<SEP>2690 
<tb><SEP>8.7<SEP>ZrC<SEP>1.9<SEP>0.064<SEP>0.81<SEP>2230 
<tb><SEP>8.8<SEP>WC<SEP>2.2<SEP>0.084<SEP>1 .03<SEP>2090 
<£><SEP>8 9<SEP>Metal silver<SEP>1.3<SEP>0.069<SEP>0.83<SEP>^ 
< b><SEP>8.10<SEP>Metal copper<SEP>3.2<SEP>0.074<SEP>0 95^EP>560 
<tb><SEP>8.1 1<SEP>Metal lead<SEP>2.8<SEP>0.08KSEP>0.99<SEP>- 



* not examined 
<tb></TABLE> 
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Process for producing crystalline microballoons. 

Claims of EP0601 594 

1 A process for producing crystalline microballoons, which comprises atomizing a solution or d teperelm 
havK finoraanfe material or its precursor dissolved or dispersed in a liquid medium, to form drcgas tf 
me S^oZ tiSpe?sio n , supplying the droplets into a high temperature atmosphere adjusted so that the 
iauid med"um would rapidly evaporate and the inorganic material or its precursor would sinter or fuse to 
^SJ^^XSStJm of the inorganic material, and recovering the m.croballoons thereby formed. 

2. The process for producing crystalline microballoons according to Claim 1 . wherein the concentration of 
the inorganic material or its precursor in the solution or dispersion is from 0.1 to 80 wt/o. 

3. The process for producing crystalline microballoons according to Claim 1 or 2, wherein the droplets have 
an average particle size of from 0.1 to 1000 mu m. 

4 The process for producing crystalline microballoons according to Claim 1 , 2 or 3 wherein the 
microballoons have a bulk density of from 0.01 to 2.0 g/cm<3> and an average particle size of from 0.1 to 
300 mu m. 

5. The process for producing crystalline microballoons according to Claim 1 , ^i^SSfSSc 
medium is water, and the high temperature atmosphere has a temperature of from 300 to 2200 DEC C. 

6 The process for producing crystalline microballoons according to Claim 1 , 2, 3, 4 or 5, wherein the 
inorganic material is a metal oxide, a metal nitride, a metal carbide, or a metal. 

7 The process for producing crystalline microballoons according to Claim 1 , 2, 3, 4, 5 or 6, wherein the 
high ^temperature atmosphe^ has a temperature not higher than the melting pent of the inorganic 
material. 

8. Microballoons made of a sintered polycrystalline material and having spherical 

have an average particle size of from 0.1 to 300 mu m and a bulk density of from 0.01 to 2.0 g/cm<3>. 

9. Microballoons made of a polycrystalline material and having spherical J*""*^ 

elution degree of at most 0.01 meq/g, which have an average particle size of from 0.1 to 300 mu m and a 
bulk density of from 0.01 to 2.0 g/cm<3>. 

10. The microballoons according to Claim 8 or 9, wherein the polycrystalline material is a metal oxide, a 
metal nitride, a metal carbide, or a metaL 
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